Aim: Niemann-Pick disease (NPD) is a lysosomal storage disease caused by an insufficient activity of acid sphingomyelinase (ASM) resulting in the accumulation of sphingomyelin. Type A is an infantile neurovisceral fatal form characterized by hepatosplenomegaly and rapidly progressive neurological deterioration, while the Type B nonneuronopathic disease presents visceral form and sufferers usually survive into adulthood. Materials and Methods: Here we present clinical and molecular findings for 19 patients with NPD A/B. Results: Nineteen patients with ASM deficiency were enrolled in our study. Nine of them were female and ten patients were male. The median age of the patients was 7.5 years (minimum-maximum: 1-57 years), the median age at diagnosis was 3 years (minimum-maximum: 6 months-56 years). The median length of the follow up period was 4.07±3.8 years (range: 1 month-14 years). Eighteen patients had hepatosplenomegaly, one patient had splenomegaly. Pulmonary involvement was detected in 10 patients. Six patients died during follow up. Conclusion: Patients with Niemann Pick A/B have a high mortality and morbidity rate. There is a need for a safe and effective therapy for patients with NPD A/B to reduce splenomegaly, to improve liver and respiratory function and to reduce the rate of mortality and morbidity.
Introduction
Niemann-Pick disease (NPD) is a lysosomal storage disease caused by the insufficient activity of acid sphingomyelinase (ASM) resulting in the accumulation of sphingomyelin in the monocyte-macrophage system. Type A (MIM #257200) is an infantile neurovisceral fatal form characterized by hepatosplenomegaly and rapidly progressive neurological deterioration while Type B (MIM #207616) is non-neuronopathic form. Type B is characterized by visseromegaly and sufferers usually survive into adulthood (1) . The NPD-Type B (NPD-B) phenotypic spectrum among individuals varies widely and the age of onset may be from early childhood to adulthood. Hepatosplenomegaly is the most frequent clinical finding in NPD-B and secondary hypersplenism, growth restriction, pulmonary involvement and mild liver failure can also be seen (2, 3) The most consistent laboratory finding is an abnormal lipid profile (i.e. high triglycerides and low density lipoprotein-cholesterol, low high density lipoprotein-cholesterol) and a history of the coronary arterial disorder may also be found (4, 5) . The lungs are frequently affected in NPD-B patients. In some patients, eye examination revealed distinct cherry red spot. There may also be a reddish-brown halo surrounding the macula in the eyes of some patients. Other common findings are fatigue, bone and joint pain and osteopenia. Thrombocytopenia and leukopenia typically worsen over time. NPD-A patients exhibit hepatosplenomegaly and failure to thrive within the first year of life. A cherry red spot in the eye is present in 50% of these patients. Type A is characterized by a rapidly progressive neurodegeneration with profound hypotonia (6) . Patients with intermediate findings between NPD-A and NPD-B have been described (6) . In 1967 Kampine et al. (7) described the first enzymatic determination of these disorders by determining enzyme activities in peripheral blood leukocytes. The ASM gene (SMPD1; MIM #607608) contains 6 exons and is located on chromosome 11p15.1-11p15.4 (1) . It is well documented that Type A-causing SMPD1 mutations occur more frequently among patients with Ashkenazi Jewish heritage than in the general population (8) . Our aim is to discuss the clinical and molecular findings of patients with NPD A/B who were followed up at Ege University Faculty of Medicine, Pediatric Metabolism and Nutrition Unit.
Materials and Methods
Nineteen patients who were diagnosed with Niemann Pick A and B at Ege University Faculty of Medicine, Department of Pediatric Metabolism and Nutrition Unit were included in this study. The patients' demographical features including age, sex, age at diagnosis, clinical findings; ophthalmological examination, organomegaly, pulmonary and gastrointestinal complications and their surgical histories were noted. We collected biochemical data to determine the function of their organs (liver function, renal function, lipoprotein levels). Liver and/or bone marrow biopsy results which had been done during the diagnostic period and acid sphingomyelinase enzyme levels were evaluated. SMPD1 gene analysis was also recorded. Where available, radiological information was also included. A consent form was filled out by all participants.
Statistical Analysis
Statistical analysis was performed using "SPSS for Windows 22" software. The descriptive values of demographic and clinical parameters were analysed. Categorical variables are given as case number and percentage. Descriptive statistics are shown as mean ± standard deviation (SD) or median (minimum-maximum) for numeric variables. 
Results
Nineteen patients with NPD-A and NPD-B were enrolled in our study. Nine of them were female, ten patients were male. The median age of the patients was 7.5 years (minimummaximum: 1-57 years) the median age at diagnosis was 3 years (minimum-maximum: 6 months-56 years). The median length of the follow up period was 4.07±3.8 years (range: 1 month-14 years). Two patients had low weight SD score (SDS) (-2.15 and -2.32), three patients had growth retardation, height SDS were between -2.31 and -5.2. Five patients had low weight and height SDS. The weight SDS ranged from -2.05 to -3.06 and the height SDS ranged from -3.03 to -6.7. Six (31.5%) patients had bleeding (minor mucosal bleeding) and fifteen (78.9%) patients had abdominal distension and pain. One (5.2%) of our patients had joint pain and a history of the treatment at rheumatology clinics. Eight (42.1%) patients had a history of recurrent infections such as bronchiolitis, pneumonia and otitis media. Two (10.4%) of these (patient 1 and 12) have hearing loss due to recurrent otitis media. Hepatosplenomegaly was detected in 18 (94.7%) patients. Additionally, one (5.2%) of the patients had splenomegaly. Cherry red spot was observed in 6 (31.5%) patients. Pulmonary involvement was determined in 10 (52.6%) patients via clinical and radiological findings. Three (15.7%) of our patients were diagnosed in adulthood but had a history of abdominal distension and splenomegaly in childhood. Five (26.3%) patients had developmental delay. The demographical, clinical and diagnostic laboratory findings of the patients are detailed in Table I . Clinical signs and symptoms are given in Figure 1 . Liver biopsies were performed on 5 patients and hepatic steatosis and liver fibrosis were detected. Bone marrow biopsies were performed on 10 patients and lipid-laden foam cells were detected. Osteoporosis was detected in one patient. Acid sphingomyelinase enzyme levels were low in all patients. SMPD1 gene analysis was performed on 17 patients in the study. SMPD1 analysis for patient 6 could not be performed. The enzyme levels and SMPD1 gene analysis of the patients are detailed in Table II .
Anemia was detected in 3 patients, thrombocytopenia was detected in 1 patient, bicytopenia (anemia + thrombocytopenia) was detected in 3 patients and pancytopenia was detected in 2 patients as initial findings. There was hypertriglyceridemia 
Discussion
Acid sphingomyelinase deficiency is a rare disease with an estimated incidence of 0.4 to 0.6 in 100.000 new-borns (6) . We have no data for the incidence of ASM deficiency in our country. Due to the high number of consanguineous marriages, a high incidence is suspected. In our study, consanguinity was recorded in 18 patients. Clinically, ASM deficiency has been classified as NPD-A and NPD-B based on the presence or absence of neurological involvement respectively (6) . In our study, 4 of our patients had the clinical signs of NPD-A and the other 15 patients had the clinical findings of NPD-B. The first symptom in most patients with NPD-A is hepatosplenomegaly which is typically observed by the age of 3 months. (9) . Likewise, hepatosplenomegaly is a consistent feature of NPD-B patients (10) . All patients in our study had splenomegaly. Among patients with NPD-B, there is a broad range of disease severity. Age at clinical presentation can range from early childhood to the fourth or fifth decades of life (6, 9) . Three of our patients were diagnosed in adulthood but two of them had a history of abdominal distension and splenomegaly in childhood. The diagnosis was delayed. In the literature; growth retardation was shown in 29% of the patients with NPD-B and was particularly prominent in adolescents. Also, it was shown that weight Z scores were >-2 in 15% of NPD-B patients. We found similar findings; two patients had low weight SDS, three patients had low height SDS and five patients had both low weight and height SDS. NPD-B is most commonly associated with pulmonary involvement, expressed through interstitial lung disease (10, 11) . In our study, 10 patients had interstitial lung disease. Patient 1 had recurrent pulmonary infections, but during follow up, symptoms became less severe. Patient 3 had a history of respiratory insufficiency. In the literature, several cases with NPD-B presented with evere liver disease (e.g. hepatic failure) were reported (12) . In this study, nearly half of the patients had high transaminase levels. One patient died due to liver failure and 3 others had liver failure. Mcgovern et al. (10) showed that coronary artery disease is a more common manifestation than previously reported. Additionally, Ishii et al. (13) described two young sisters with NPD-B who had myocardial dysfunction refractory to treatment. We did not detect serious cardiac involvement in our patients. It should be taken into account that only three patients were in adulthood. Acid sphingomyelinase levels were low in all our patients. This diagnosis was confirmed with SMPD1 gene analysed in 17 patients. Bone marrow biopsies were performed on 10 patients and lipid-laden foam cells were detected. The detection of vacuolated cells in peripheral blood smears or bone marrow is indicative of NPD but not exclusive to it. The diagnosis should be confirmed by enzymatic analysis and SPMD1 gene analysis (1) . Bone marrow biopsies were performed on almost half of the patients although the diagnosis can be made by enzyme and molecular analysis. Keeping NPD in mind for the differential diagnosis of patients with organomegaly, cytopenia and/or pulmonary involvement may prevent the use of unnecessarily invasive procedures in the diagnostic approach. To date, >180 mutations have been found within the SMPD1 gene, which cause NPD-A, NPD-B. Aykut et al. (14) found one novel mutation c.1755delC (p.585PfsX24) in one of our patients and reported so in 2013. The most common mutations were previously known: c.409T>C (p.L137P) homozygous missense mutations. The L137P mutation has been linked to a less severe form NPD-B (15) . In our study, patients with c.409T>C (p.L137P) also exhibited less severe symptoms. Although the p.L137P mutation is related to a less severe form, patient 5 died during adolescence due to liver failure and his brother also died prematurely (patient 6). The 573delT (p.P189fsX65) mutation had been previously identified by Gluck et al. (16) . This mutation induces early onset form NPD-A (16). Manshadi et al. (17) also identified a patient with a 573delT homozygous mutation. Unusually, patient 12 had a homozygous 573delT (p.S192AfsX65) mutation and he has mild developmental delay but does not exhibit the clinical signs of early onset NPD-A. Patients with the intermediate variation between Types A and B NPD have been described (6) . Patient 12 seems to be of an intermediate type. The most common Type B mutations in Turkish patients are L137P , L549P and fsP189 (15) . Similarly to the literature, in total, 10 patients in our study had these mutations. Patient 3 had a common mutation for Type B but her clinically based type was similar to Type A. The patient with an A283T mutation, who was diagnosed at the age of 56 years, was clinically NPD-B. Patient 18 had compound heterozygous mutations for p.H421R and p.L137P . Although p.H421R is known to be a severe one, the combination with the L137P mutation reduced the phenotypic severity as previously reported by Aykut et al. (14) . In our study, those patients with the same homozygous L137P mutations, had different clinical severity (patient 1, 2, 4, 5, 8, 9) such as patient 5, who had severe clinical findings. Some patients with NPD-B may develop life threatening complications including liver failure, hemorrhage, pulmonary infections and splenic rupture. The most common causes of disease related morbidity and mortality are respiratory and liver failure (18) . Similar to our study, the deceased patients had respiratory insufficiency and patient 3 had liver failure.
BMT has been performed on some NPD patients (1) . A reduction in liver and spleen size have been demonstrated. In our study, we had planned BMT for patient 1. He had a partial splenectomy operation before the planned BMT. However, during follow up, we could not perform BMT due to donor problems and his parents' subsequent decision to postpone BMT. Today, clinical trials are being conducted to determine the safety and efficacy of enzyme replacement therapy for NPD-B patients (19) . There is a need for a safe and effective therapy for patients with NPD-B to reduce splenomegaly, improve liver function, decrease respiratory dysfunction and reduce mortality and morbidity.
Study Limitations
There are several limitations in this study. We investigated a small group of patients with NPD consisting of children and adults. Also, we determined the lung involvement of the patients but could not perform any functional tests.
Conclusion
Serial findings of 19 patients with ASM deficiency gave information about the natural history of the disease. The most common sign of NPD is hepatosplenomegaly. Pulmonary involvement is important for the disease's mortality and morbidity. Patients need more efficient therapies to reduce organomegaly and to improve liver and respiratory functions.
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